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APPENDIX m.1 

EVALUATION OF SPECIFIC METHODS TO PREVENT 
GROUND WATER CONTAMINATION 

1 .O INTRODUCTION 

The purpose of this report is to evaluate specific alternatives to prevent ground water 
contamination from occurring if the water table in the vicinity of OU4 were to rise in the future 
to levels that saturated the contaminated materials consolidated beneath the proposed OU4 
engineered cover. The specific ground water control alternatives under this evaluation include: 

0 Lateral subsurface drainage system and, 

Vertical upgradient ground water control system. 

Ground water control methods are discussed generally in Part 111, Section 3.2.1 of the IM/IRA- 
EA Decision Document in conjunction with the description of engineered cover alternatives. . 

A detailed evaluation of ground water control alternatives is necessary due to the selection of 
the engineered cover alternative as the proposed IM/IRA for OU4 (Part 111, Section 6). A 
system to prevent ground water contamination will be a component of the closure because the 
Solar Evaporation Ponds (SEPs) will be closed with contaminated materials consolidated beneath 
an engineered cover. 

The design criteria for the ground water control system include: 

e The system must prevent ground water from contacting the consolidated 
contaminated materials beneath the engineered cover for a 1,OOO-year period to 
be protective of human health and the environment. 

0 Ground water that is collected in the subsurface drain or that accumulates in front 
of a vertical ground water control system must be removed from the area so that 
increased hydraulic head does not cause a system failure. 

0 The ground water control and collection system should be designed for passive 
operation. Mechanical devices needed to remove ground water from the 
collection/drainage system will not be designed for 1OOO-year performance. It is 
assumed that the mechanical systems (ancillary to the ground water collection 
system) can be replaced by the DOE while the OU4 ground water is being 
remediated, and that the ground water at the Rocky Flats Environmental 
Technology Site (RFETS) will be remediated prior to final site closure. 
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e The proposed systems must be able to function adequately under the design-basis 
ground water rise of 2.2 feet. 

e An upgradient vertical ground water control mechanism must be tied into 
competent low-permeable bedrock. 

The ground water control alternatives presented in this report are conceptual and may not reflect 
the final design. The descriptions of the alternatives are adequate to perform a comparative 
analysis in order to select a ground water control method. This analysis is based on the following 
assumptions: 

e SEP 207-C will be closed by excavating contaminated soils to the depth of the 
mean seasonal high water table elevation and consolidating these materials under 
an engineered cover that spans the area occupied by SEP 207-A and the B-series 
SEPs. 

0 The configuration of the engineered cover will be the same under both 
alternatives for ground water control. It should be noted that the assumed 
footprint of the engineered cover was not verified to be able to handle the volume 
of waste materials that would be consolidated under these alternatives. Therefore, 
the footprint or height of the engineered cover could change during detailed 
design. 

It should be noted that this analysis focuses on the feasibility of the alternatives to be effective 
and whether the different systems can be constructed at the OU4 site. Detailed evaluations of 
performance and effectiveness can not be completed without additional 
geological/hydrogeological investigations, material testing, and engineering analysis. 

The seven threshold and primary balancing evaluation criteria presented in Part 111, Section 4 
were considered in this alternative evaluation. With respect to the threshold criteria, both of the 
alternatives will be protective of human health and the environment. A subsurface drain will 
be designed to intercept rising ground water and prevent it from contacting the consolidated 
contaminated media. The vertical ground water control system will be designed to route ground 
water flow around the consolidated contaminated materials and dewater the upper 
hydrostratigraphic unit (UHSU) beneath the engineered cover. Therefore, both of the 
alternatives will be designed to meet the threshold criteria for overall protection of human health 
and the environment. Compliance with the ARARs threshold criteria is also met by both of the 
alternatives. In either instance, the system will be a component of the overall SEP closure 
system. Implementation of either of these ground water control alternatives will allow the 
overall closure system to comply with the ARARs identified in Part III, Section 5 of the 
IM/IRA-EA Decision Document. There are no specific ARARs associated with lateral 
subsurface drains and vertical ground water control systems. 

With respect to the primary balancing criteria, this evaluation will focus on: 

e long-term effectiveness and permanence, 
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0 short-term effectiveness, 

0 implementability , and 

0 cost. 

The reduction of toxicity, mobility, or volume through treatment criterion does not apply 
because the consolidated materials will not be treated. Both the subsurface drain and the vertical 
upgradient ground water control system will provide a method to prevent ground water from 
contacting the consolidated waste and prevent contaminant mobility. 

2.0 BACKGROUND INFORMATION 

2.1 Conceptual Model of Vadose Zone Flow 

A conceptual model of variably saturated vadose zone flow was developed to provide an 
understanding of the proposed mechanisms for contaminant transport in the vadose zone and the 
natural flow limitations imposed by the existing hydraulic conditions in the vadose zone beneath 
the SEPs. This model provides a foundation to formulate decisions concerning closure and 
remedial actions at the site. It is also used in this evaluation to develop the design requirements 
for the ground water control alternatives. The model considers regional and local infiltration, 
variably saturated flow, and saturated flow. Estimates of infiltration at the site are provided 
along with a discussion of the processes governing infiltration, contaminant flow, and ground 
water recharge. 

The central Rocky Mountain region, including the Front Range where the WETS is located, is 
characterized by a mean annual precipitation of 15 inches. Approximately 40 percent of this 
precipitation falls during the spring. "Supercell" storm events during the summer account for 
an additional 30 percent of the annual precipitation. Autumn and winter are drier seasons, 
accounting for 19 and 11 percent of the annual precipitation, respectively. Snowfall averages 
85 inches per year, occurring primarily between October and May. Negligible sources of 
recharge include infiltration of stream flow along drainages above the bedrock-alluvium contact, 
and mountain-front recharge along the foothills. Pan evaporation rates for the WETS area 
exceed 60 inches per year. This evaporation rate results in a net annual water loss; however, 
evaporation and transpiration rates are less during the winter and spring months, so infiltration 
may occur during this period. 

During operation of the SEPs, most of the recharge to the unconfined ground water system 
beneath the SEPs resulted from infiltrating precipitation, leakage from the SEPs, and possibly 
broken Original Process Waste Lines (OPWLs). Leakage from the SEPs was driven by the 
hydraulic head existing in the SEPS during their operation. Recharge through the vadose zone 
at OU4 is seasonal and occurs during late winter through spring months when precipitation 
exceeds bare soil evaporation and plant transpiration. Recharge most likely occurs when the 
frequency and duration of precipitation events, in conjunction with a lower rate of evaporation 
and transpiration, create an increase in the available moisture for infiltration and recharge. 

022-1\722446\211 .WPF 4 



The heterogeneous soils of the vadose zone suggest that significant variations in hydraulic 
properties occur laterally and vertically. Consequently, variably saturated flow through the 
vadose zone soils is not uniform and may be significantly changed by layers of varying hydraulic 
conductivity. The lack of wetting fronts in the neutron probe data collected during the Phase 
I RFI/RI suggests that areal interstitial infiltration does not occur. This apparent lack of areal 
interstitial infiltration in conjunction with the spring ground water rise suggests that ground water 
recharge occurs through localized areas of saturated flow, macropores, or other localized areas 
of higher hydraulic conductivity. This is suggested by the relatively rapid water table rise 
observed at some of the monitoring wells and piezometers at OU4. However, this trend was 
not seen throughout the OU4 area. When deep infiltration occurs, vadose zone flow generally 
is vertically downward from ground surface to the unconfined ground water table. 

Areal infiltration by interstitial flow through the vadose zone soils was estimated by assuming 
that the hydraulic conductivity of the soils under a unit hydraulic gradient and a given matric 
potential is equivalent to the variably saturated flux. The geometric mean of the corrected 
unsaturated hydraulic conductivity is about 7 x 10'" centimeters per day (cm/day). Therefore, 
assuming a unit hydraulic gradient, the flux through a unit area of the vadose zone is about 7 
x lo-'' cm/day. Assuming that all of this flux reaches the saturated ground water system, ground 
water recharge at OU4 is estimated at 9 x 10" inches per year (in/yr). 

This small amount of estimated a r d  interstitial infiltration cannot account for the water table 
fluctuations observed at the site (Part 111, Appendix I1-I.D in the OU4 IM/IRA-EA Decision 
Document), providing further evidence that the predominant infiltration mechanism at OU4 is 
macropore flow or local areas of high hydraulic conductivity. This apparent lack of areal 
interstitial infiltration through the alluvium as a source of ground water recharge may also 
suggest that the variations in the upper hydrostratigraphic unit (UHSU) ground water level 
observed at the site results from direct recharge from the bedrock strata (EG&G, 1993). Figure 
2.1 presents a hydrograph of piezometer 41 193 for the period between April 1993 and October 
1993. Daily precipitation amounts are also shown on the hydrograph. This hydrograph does 
not show a definitive response to the precipitation events which suggests that other factors may 
be important in determining the ground water table elevation. Therefore, the lower bedrock 
strata may locally recharge the UHSU. 

The saturated ground water zone immediately underlying the vadose zone at OU4 is termed the 
UHSU. This unit is composed of both the Rocky Flats Alluvium and associated soils, and 
weathered bedrock lithologies. Ground water flow within the UHSU at OU4 is generally 
controlled by the local topography. The SEPs are constructed on an east-west trending 
topographic ridge flanked to the north and south by tributaries of Walnut Creek. Ground water 
flow in the UHSU is generally toward North Walnut Creek north of the SEPs and toward South 
Walnut Creek south of the SEPs. An east-trending component of ground water flow is also 
present east of the SEPs, with flow occurring down the ridge crest toward the confluence of 
North and South Walnut Creeks. Ground water elevations range from approximately 5,965 ft 
above mean sea level (ft msl) beneath SEP 207-A and 5,080 ft msl along North Walnut Creek. 

Several important characteristics of the OU4 site hydrogeology control ground water flow and 
contaminant movement in the saturated zone beneath OU4. Ground water elevation data 
obtained from both the Rocky Flats Alluvium and the bedrock lithologies indicate that in some 
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areas the unconsolidated and weathered bedrock water-bearing strata are hydraulically connected. 
Due to the fluctuating ground water table beneath the site, this connection provides a mechanism 
to drain and potentially saturate the overlying alluvium. The drained alluvium areas are smallest 
during the high water period in the spring and largest during the dry period in the autumn and 
early winter. Some of these drained areas occur where the water table fluctuation is below the 
top of the bedrock and where the Rocky Flats Alluvium is directly underlain by bedrock 
sandstone. The latter mechanism is readily apparent along the northern edge of SEP 207-C 
where the Rocky Flats Alluvium underlain by the bedrock sandstone, remains dry throughout 
the year. Paleochannels on the bedrock palmsurface also appear to control ground water flow 
in the UHSU. Coarser-grained facies of the Rocky Flats Alluvium appear to be present in the 
paleochannels, providing a more permeable pathway for ground water flow. 

2.2 Material Properties of the Vadose Zone 

For this investigation, the vadose zone is defined as the subsurface interval between the ground 
surface and the water table. The vadose zone includes geologic materials consisting of the 
Rocky Flats Alluvium, colluvium, valley fill alluvium, disturbed materials, and artificial fill 
materials which are collectively referred to as the Rocky Flats Alluvium and associated soils. 
Bedrock strata of the Arapahoe and Laramie Formation may also be included in the vadose zone 
where the water table is below the top of bedrock. Because the ground water table fluctuates 
seasonally, the thickness of the vadose zone also varies seasonally. The thickness of the vadose 
zone is least in the spring when the ground water table is at its highest elevation. The greatest 
thickness of the vadose zone occurs during late summer and autumn when ground water levels 
are at their lowest elevation. The vadose zone varies in thickness from about zero at seep 
locations on the northern hill slope to about 20 feet in the area of the Interceptor Trench System 
(ITS) - 
Based upon the geological investigation conducted in the Phase I FWI/RI, the following tables 
summarize the physical properties of soils found beneath the SEPs. Table 2.1 provides summary 
data of the vadose zone particle type, particle density, dry bulk density, and saturated bulk 
density. Table 2.2 provides the porosity and saturated moisture contents of the vadose zone 
soils. Table 2.3 presents the saturated hydraulic conductivities of the vadose zone soils. 
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TABLE2.1 - 

PARTICLE, DRY BULK, AND SATURATED BULK DENSITY 

BH40600AE 43193 37 25 20 18 1.94 

BH40602AE 4 1793 31 31 26 12 1.79 

BH40607AE 40793 30 21 26 23 1.61 

BH40608AE 40993 59 23 0 9 1.95 
BH406 1 1 AE* 42893 41 19 5 35 13.i 

BH40612AE 43693 57 26 8 9 1 .’I9 

BH406 13AE 4 1593 59 21 7 13 1.54 

Average I 1.77 

W 
PS P b  

2.71 2.19 

2.70 2.10 

2.64 1.97 

2.64 2.22 
2.59 2.11 

2.62 2.11 

2.64 1.94 

2.65 2.08 

*Sample not used in alluvium property calculations 
pII - Particle Density dpb-Dry Bulk Density w P b  - Wet Bulk Density 

Sd-Sand S1-Silt G1-Gravel C1-Clay 

TABLE 2.2 
POROSITY AND SATURATED MOISTURE CONTENTS 

* sample not used in aquifer parameter calculations 
G1-Gravel Sd-Sand S1-Silt C1-Clay &Porosity wi - Initial Moisture (% gm/gm) 

wsat - Saturated Moisture (% cm3/cm3) 
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TABLE 2.3 
USCS AND LITHOFACIES CLASSIFICATION 

WITH AQUIFER PARAMETERS 

*Sample not used in aquifer parameter calculations 
Gl-Gravel Sd-Sad SI-Silt C1-Clay 
u-Hydraulic Conductivity +Porosity 

3.0 LATERAL SUBSURFACE DRAINAGE SYSTEM 

3.1 System Description 

A lateral subsurface drainage system could be implemented at OU4 by excavating to the 
appropriate elevation based on the depth of contamination and the elevation of the water table, 
and installing a horizontal subsurface drainage system. The conceptual design would require 
excavation to a depth of the mean seasonal high water table elevation, which is approximately 
1 foot higher than the mean water table elevation. The lateral subsurface drainage system is a 
mitigative measure designed to function only in the event that the meteorologicallhydrogeological 
conditions change in the future resulting in a rise in ground water above historically recorded 
levels. The slope of the drainage system would conduct intercepted ground water away from 
the engineered cover and discharge it to the north hillside. The system depicted in Figure 3.1 
includes a primary drainage layer of washed gravel for intercepted ground water removal. A 
layer of sand above the gravel layer would act as a filter to prevent the consolidated soils above 
it from migrating into the gravel and cause clogging. A sand layer below the gravel would act 
as a filter for any solids carried by rising ground water to prevent clogging of the gravel 
drainage layer. 
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Analvtical Solutions for the Lateral Subsurface Drain 

This section presents the analytical ground water flow solutions for the lateral subsurface drain. 
Also presented is an estimation of the steady-state impingement rate of the rising ground water 
table and the hydraulic conductivity of the subsurface drain. These parameters are necessary 
to conceptually design an artificial drainage system to divert rising ground water from beneath 
the engineered cover. 

Because of viscous resistance to horizontal flow, impinging fluids mound up in lateral drains 
composed of sand and gravel. This mounding could be great enough to cause overtopping of 
the lateral drain, resulting in leachate production from contaminated soils above the drain. It is 
important to determine the possible height of mounding to estimate the optimum lateral drain 
thickness to prevent leachate generation. 

The height of the mound depends upon the configuration of the drainage layer and the steady- 
state impingement rate. The maximum height of rise (Hmax) for a horizontal lateral drain is 
related to the distance between locations where ground water can exit the subsurface drainage 
layer. For an inclined lateral drain, as shown in Figure 3.2, the maximum rise, Hmax, is 
related to the angle (CY) of the phreatic aquifer, the porosity (4) of the drainage layer, the 
hydraulic conductivity of the lateral drain (IC,,- ), the drain spacing (L) (the distance between 
ground water removal channels), and the impingement rate (I). The inclined lateral subsurface 
drain has two significant advantages over a horizontal lateral drain. The first advantage is the 
tendency to accelerate flow within the subsurface drainage layer, and the second is that liquid 
within the subsurface drainage layer will flow from beneath the cover. 

The system will be designed with a slope of 1.0 degree (cy = 1.0" ) and will be constructed with 
channels to collect and discharge ground water from the lateral subsurface drain. Figure 3.2 
depicts a conceptual cross-section of the lateral subsurface drain beneath the engineered cover. 
The maximum rise due to ground water mounding is predicted by calculating one-half of the 
value of L using the EPA (1983) equation below: 

Hmax = (L t ( 2  X 4)) X (((I +&-) + tan*cr) 'h -tancy). 

To calculate the maximum height within the lateral drain, the hydraulic conductivity of the 
lateral drain &- ) needs to be considered. 

Freeze and Cheery (1979) indicate that for unconsolidated gravels the hydraulic conductivity 
ranges between 1 and 100 cm/sec. No reference is given to indicate whether or not these 
gravels are naturally deposited. Additionally, the Naval Facilities Engineering Command (1986) 
report a hydraulic conductivity of approximately 37.4 cm/sec for clean, coarse-grained gravel 
drainage material. To verify the hydraulic conductivity values reported by Freeze and Cherry 
and the Naval Facilities Engineering Command, a numerical solution developed by Fair and 
Hatch was used. As reported by Freeze and Cherry (1979) and by Bear (1979), Fair and Hatch 
(1933) developed an analytical solution based upon dimensional considerations and verified the 
analytical results experimentally. Fair and Hatch's calculated hydraulic conductivity (KFH) is 
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where p is the fluid density, g is the gravity constant, p is the fluid viscosity, 4 is the porosity, 
M is a unitless packing factor that was experimentally found to be about 5, 8 is a roundness 
factor varying between 6.0 and 7.7, P, is the percentage of sand held on adjacent sieves, and 
d, is the geometric mean diameter of those particles. For the gravel lateral drain, the proposed 
geometric mean of sieved gravel is 3.11 cm (1.22 in) which represents sieved gravels ranging 
in size from 2.54 to 3.81 cm (1.0 to 1.5 in). To determine the sensitivity of Fair and Hatch’s 
equation to porosity and the roundness factor several values were selected (Table 3.1.) 

Roundness 

6.0 

6.6 

The lateral drain materials that are typically available have a roundness factor of 6.6 and a 
porosity of 20 percent. Using these data, a hydraulic conductivity of 54 cm/sec (1.8 ft/sec) is 
calculated using Fair and Hatch’s method. A less conservative value may be calculated using 
a roundness factor of 6.6 and a 30 percent porosity which yields a hydraulic conductivity of 239 
cm/sec (7.8 ft/sec). 

Porosity K (cm/sec) K (ft/sec) 

0.35 534 17.5 

0.30 290 9.5 

0.25 146 4.8 

0.20 65 2.1 

0.35 442 14.5 

0.30 239 7.8 

0.25 120 3.9 

0.20 54 1.8 

Using a conservative hydraulic conductivity for the gravel lateral drain [54 cm/sec (1.77 ft/sec)], 
Freeze and Cherry, 1979, Naval Facilities Engineering Command, 1986, and Fair and Hatch 
as reported by Bear, 1979) and an aggressive impingement rate [1.36 x l p  cm/sec (4.47 x lod 
ft/sec)] the value of Hmax was determined. 

The maximum ground water rise due to mounding is calculated using EPA (1983): 

Hmax = (L, +(2 X 4)) X (((I +K,,nm) + tan 2~ )” - tan a ) .  

TABLE 3.1 
HYDRAULIC CONDUCTIVITIES USING FAIR & HATCH’S EQUATION 

FOR THE LATERAL SUBSURFACE DRAINAGE SYSTEM 
GIVEN VARIOUS POROSITIES AND ROUNDNESS FACTORS 
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A sensitivity analysis was performed by varying the porosity and the hydraulic conductivity to 
determine the variation in mounding within the lateral drain. Table 3.2 presents the sensitivity 
analysis results for porosities of 25 percent and 30 percent. The calculated water level 
mounding ranges between 48.5 cm (1.59 ft) and 3.0 cm (0.10 ft) for hydraulic conductivities 
between 6.4 cm/sec (0.21 ftlsec) and 100 cm/sec (3.28 ft). Figure 3.3 is a graphical 
presentation of the results. These results suggest that hydraulic conductivity values greater than 
40 cm/sec (1.3 ftlsec) provide little measurable decline in ground water mounding within the 
lateral drain. Using a 30.48 cm (1 .O ft) thick lateral drain comprised of similar size gravels will 
provide a safety factor of at least 5. 

TABLE 3.2 
MOUNDING OF WATER TABLE IN A 1" BLANKET DRAIN 

FOR VARIOUS POROSITIES AND HYDRAULIC CONDUCTIVITIES 

Porosity I Height (ft) I K (cm/sec) I K (ftlsec) 

Advan 2 t m  

1. The system would not operate continuously but would function only in the event of a 
future rise in the ground water table elevation above normal levels. 

2. The system can be constructed with filters to prevent the drainage system from being 
clogged by fine grained materials. 

3. The system can be constructed so that disturbance of utilities and plant operations are 
minimized. 

Disadvantayes o f the Lateral Subsu rface Drainage Sv stem 

1. Excavation of the contaminated subsurface soils beneath the SEPs is a risk to the 
construction and on-site workers. 
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2. A large volume of contaminated subsurface soils will be excavated, transferred, and 
staged in the SEP area during construction. The system will be partially installed while 
staging excavated materials within the SEP area. Excavated materials will be returned 
so that the remainder of the system can be constructed. This will result in double 
handling of the excavated materials. 

3.2 System Evaluation 

Long Term Effectiveness and Permanence 

The subsurface drainage layer is anticipated to be effective for the 1OOO-year performance period 
based on the depth of its placement, the system design, and the natural materials used in 
construction. The base of the subsurface drainage layer would be positioned at the elevation of 
the mean seasonal high water table elevation. This elevation is approximately one foot above 
the mean water table elevation. Therefore, the system would function only during periods of 
ground water elevation that exceed the mean seasonal high water table elevation. Subsurface 
drainage is only anticipated during the spring months when snow melt and precipitation may 
cause the water table to rise higher than normal. It should be noted that the system would not 
operate during all spring seasons since the water table is not anticipated to intrude the system. 
The system should remain effective because the sand filter layers are designed to prevent fine- 
grained materials from migrating and clogging the porous gravels. The lateral subsurface drain- 
age system is designed to remain effective for the 1OOO-year performance period because it is 
positioned at an elevation where it is generally expected to remain dry. The system would be 
permanent since the construction materials are natural sands and gravels. 

The magnitude of residual risk to human health and the environment is anticipated to be low due 
to the fact that the system will prevent future rising ground water from contacting the 
consolidated contaminated materials. Therefore, the potential ground water exposure pathway 
would be protected by the lateral subsurface drainage system. 

Short Term Effectiveness 

The system would be effective over the short term for the Same reasons that it would be effective 
over the long term. Construction of the system would not be expected to result in an 
unacceptable short term risk to onsite construction workers or members of the offsite public 
based on the results of the air dispersion and inhalation modeling presented in Part IV Section 
10.3 of the IM/IRA-EA Decision Document for similar (but not identical) excavations. Dust 
suppression techniques would be employed during construction to minimize the release of dust 
and airborne particles. 

The environmental impacts associated with the implementation of this system would be the same 
as those associated with the construction of the engineered cover (Section ID, Part 5 of the 
IM/IRA-EA Decision Document). 

The objectives of the lateral subsurface drainage system would be achieved as won as the system 
was installed. The system would be installed prior to the installation of the engineered cover. 
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Implementabilitv 

The lateral subsurface drain is considered to be a reliable technology that can be engineered to 
be effective at the OU4 site. The subsurface drain would be constructed by common pit 
excavation techniques. The sides of the excavation would be cut back at a 2 1  slope. The 
subsurface drain would be installed via horizontal lifts of sands and gravel. The construction 
Quality Assurance/Quality Control (QA/QC) for placing horizontal lifts would be easy to 
implement by establishing appropriate slope elevations and layer thickness by surveying. The 
utilities that would be impacted are listed on Drawing 51045-440 in Appendix 1V.B of the 
IM/IRA-EA Decision Document. A buried utility location identification field program would 
be required prior to the excavation. There would be a high level of inefficiency associated with 
the installation of the subsurface drain due to the fact that there is no area available for staging 
the excavated contaminated subsurface soils while the subsurface drain is being installed. 
Therefore, the subsurface drain would be installed in stages. The staged soils would be returned 
to the excavation above the subsurface drain. 

The installation of the subsurface drainage system would be irreversible upon completion of the 
final engineered cover. However, the system would not-interfere with any upgradient or down- 
gradient corrective actions that may be taken for the future remediation of ground water. 

The estimated cost associated with installing the lateral subsurface drainage layer below the 
contaminated materials and engineered cover is $29,000,000. The direct cost associated with 
the installation of the system is approximately $400,000 including the excavation of the SEP area 
under the engineered cover to the mean seasonal high water table elevation, and the construction 
of the lateral subsurface drainage layer. The magnitude of cost estimate details are provided as 
Attachment 1. 

4.0 VERTICAL GROUND WATER CONTROL SYSTEM 

4.1 System Description 

An upgradient vertical ground water control system could be implemented by excavating down 
to competent low-permeable bedrock and installing a slurry wall that would prevent ground 
water flow into the zone beneath the SEPs. A method of redirecting the ground water flow 
would be required to divert upgradient ground water away from the slurry wall. The conceptual 
design for this system (as depicted in Figure 4.1) would include a 2-feet thick slurry wall 
consisting of a natural bentonite material. A 3-feet thick collection trench would be installed 
upgradient of the slurry wall to collect the ground water. The collection trench would redirect 
ground water around the SEP closure area and tie into the downgradient ITS. The collection 
trench would be filled with gravel to provide a high permeability channel. This system would 
be required to function continuously for 1000 years since the system would be installed beneath 
the water table. The system would be installed along the west and south sides of the engineered 
cover to prevent upgradient ground water from contacting the contaminated media beneath the 
engineered cover. In addition, the system would be installed along one-half of the east side of 
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the engineered cover to prevent ground water from flowing around the slurry wall and contacting 
the contaminated media beneath the engineered cover. Figure 4.1 shows the layout of the 
upgradient vertical ground water control system. Figure 4.2 shows a cross section of the 
system. Water collected in the collection trench would need to be treated by an onsite 
wastewater treatment system. 

Analytical Solution for Collection of Ground Water 

Although additional data is necessary, the amount of ground water flow from the collection 
trench can be estimated using the Dupuit-Forchheimer discharge formula for a trench (Bear, 
1979). The discharge, Q, is calculated as: 

Q = A X K X  (H2-h2)+(2XL) 

where A is the area, K is the hydraulic conductivity, H is the height of the unaffected water 
table, h is the height of water in the trench, and L is the length of influence (radius of 
influence). For the alluvium it can be assumed that the trench is 1600 ft long and 4.0 ft 
deep,K=5.0 x lo5 ft/sec (maximum rounded value of 4.59 x 10-5 from Table 2.3), H = 4.0 
ft, h =O.O ft (based upon selection of coordinates), and L is large enough to cover the ponds 
or about loo0 ft. Thus, the above equation yields: 

Q= 80,700 ft3/yr or about 600,OOO gal/yr. 

For the bedrock, it can be assumed that the trench length is 1600 ft and depth is 30 ft, K= 3.0 
x lo-* ft/sec (estimated from available hydrogeological data in the vicinity of OU4), H = 30 ft, 
h =O.O ft (based upon selection of coordinates), and L is large enough to cover the ponds and 
is greater than the alluvium or about 2000 ft. Thus, the above equation yields 

Q= 10,200 ft?/yr or about 76,000 gal/yr. 

Although these flow rates are estimated they give an approximate ground water flow rate that 
may be derived from the vertical control system, and would be collected for treatment at the ITS 
system. 

Advantage s of the Vertical G round Water Control Svstem 

1. Lesser volumes of contaminated soils beneath the SEPs would have to be excavated and 
handled by construction workers. 

2. The volume of contaminated soils requiring excavation would be less than for the 
construction of the lateral subsurface drain. Therefore, the side slope of the engineered 
cover may be reduced which would make the engineered cover more stable with respect 
to erosion, and more effective with respect to evaporation and transpiration. 

3. The upgradient vertical ground water control system would aid in dewatering the 
hillside in the OU4 remediation area which would increase the slope stability. 
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4. The upgradient vertical ground water control system may expedite the collection and 
treatment of contaminated ground water from the WETS upgradient industrial areas. 

Disadvanw 

1. The system would have to operate continuously over the 1,OOO year-period of 
performance since the system would extend below the top of the water table. 

2. There are numerous WETS buried utility lines that run along the south and west sides 
of the SEPs that may be impacted by the installation of the upgradient system but would 
not be impacted by the lateral subsurface drainage layer. 

3. The depth to competent bedrock may limit the methods of construction. 

4. The vertical ground water collection trench would not have sand filter layers to prevent 
fine grain materials from clogging the system. 

5. The construction activities could be complicated due to the need to dewater the phreatic 
zone in the construction area. 

6. Demonstrating that the system is effective for the 1 ,OOO-year period would be dependent 
upon ground water flow modeling. There is not enough existing hydrogeological 
information in the vicinity of the OU4 SEPs to construct an appropriate ground water 
flow model since the Phase 11 RFURI field work has not been completed. Therefore, 
the OU4 closure would be delayed until the hydrogeological data could be collected, 
analyzed, and used to create and calibrate a ground water flow model to demonstrate 
the system’s effectiveness. 

7. Construction QA/QC could be difficult to ensure if slurry trenching techniques were 
used because these techniques are essentially in situ construction methods. 

8. If the UHSU and the LHSU are not demonstrated to be hydraulically c o ~ e ~ t e d ,  then 
the construction of a vertical ground water collection trench would connect the distinct 
aquifer systems and provide a pathway for contaminants in the UHSU to migrate into 
the LHSU. It is noted that the aquifers are thought to be connected. This should be 
verified by the Phase 11 RFI/RI. 

9. The construction of the system could potentially interfer with future upgradient or 
downgradient ground water corrective action programs. 

4.2 System Evaluation 

Lon? Term Effectiveness and Permanen= 

An evaluation of the ground water flow system must be considered for the long term 
effectiveness of a vertical drain and slurry wall. The ground water flow system for OU4 
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consists of the UHSU and the lower hydrostratigraphic unit (LHSU). These two 
hydrostratigraphic units are designated as independent water-bearing strata, however, they are 
hydraulically connected. The predominance of flow is from the UHSU to the LHSU, beneath 
the SEPs, except possibly in the spring months. Section 2.1, Conceptual Model of the Vadose 
Zone Flow, envisions macropore ground water flow recharging the alluvium and weathered 
bedrock u l n a  of the UHSU. It is unclear from the data currently available, the extent and 
depth of these macropores and the quantity of ground water flow between the two 
hydrostratigraphic units. During the spring, the LHSU may have sufficient hydrostratigraphic 
head to locally recharge the UHSU, which is likely to account for some of the ground water rise 
observed in the UHSU. 

The success of a bentonite slurry wall and drainage system to effectively stop ground water flow 
and lower the water table beneath the engineered cover appears to be dependent upon "keying" 
the slurry wall into unweathered (and unfractured) impermeable bedrock. Currently available 
subsurface geologic and geophysical data obtained from within OU4 suggests that the "weathered 
bedrock" horizon is highly variable in thickness. If poFtions of the slurry wall are keyed only 
into weathered bedrock, effective communication will exist between ground water outside the 
wall and areas inside the wall. 

On the pediment slopes, the weathered bedrock zone is approximately 20 to 40 feet thick, as 
measured from the alluvidcolluvial contact downward. Figure 4.3 is Line 2 from the refraction 
survey for the Phase I RFI/RI for OU4. Line 2 is located along the upper edge of the pediment 
slope adjacent and parallel to the northern edges of the SEPs. Based on velocity contrasts the 
weathered bedrock is interpreted to extend down to an elevation of 5935 msl or about 35 feet 
below ground surface. On the pediment, the weathered bedrock interval is more variable in 
thickness and composition, and not completely discemable using refraction survey techniques. 

Since the weathered horizon is of variable thickness, extent, and depth, keying the slurry wall 
into unweathered bedrock will be extremely difficult without a detailed geotechnical study of the 
slurry wall footprint area. Both geological and geophysical information may be necessary to 
effectively design the slurry wall. 

The collection trench upgradient of the slurry wall is designed to act as an interceptor system 
for the slurry wall so that increased hydraulic head is minimized along the slurry wall. The 
collection trench will have to be engineered to allow- for a 1OOO-year accumulation of silt 
deposition within the drain system. Engineered drains typically use graded filter layers. Because 
of the assumed depth and limited width of the vertical drain, filter packing would be difficult 
to implement during construction. Without a filter pack for the gravel fraction of the drain, the 
system would begin to clog due to accumulation of silt and clay particles. The rate of clogging 
is dependent upon the composition of the adjoining soil materials and the velocity of ground 
water flow. Additional investigation may be necessary to estimate this rate. 

The system would be permanent since that materials of construction are natural sands and 
gravels. The magnitude of residual risk is anticipated to be low due to the fact that the system 
will be designed to prevent ground water from contacting the consolidated contaminated 
materials (assuming that the system is successfully keyed into competent low permeable 
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bedrock). Therefore, the potential ground water exposure pathway would be blocked by the 
upgradient vertical ground water control system. 

Short Term Effectivenes 

The short term effectiveness for the ground water collection trench and the slurry wall will be 
dependent upon keying the slurry wall to competent bedrock. Depending upon which season the 
collection trench is installed, the collection trench may divert an additional quantity of ground 
water above the estimated steady-state flow quantity until an equilibrium is reached. The water 
table downgradient from the vertical ground water control system should gradually be lowered 
to the effective drainage height of the trench. Since the hydraulic conductivities of the bedrock 
are on the order of 1@" Wsec, the re-equilibration of the water table may take several years. 
Dust suppression techniques would be employed during construction to minimize the release of 
dust and airborne particles. 

The environmental impacts associated with the implementation of this system would be the same 
as those associated with the construction of the engineered cover (Section m, Part 5 of the 
IM/IRA-EA Decision Document). 

The objectives of the upgradient vertical ground water control system would be achieved as w o n  
as the system was installed. The system would be installed prior to the installation of the 
engineered cover. 

The upgradient vertical ground water control system would be a reliable technology for the OU4 
site if the slurry wall was effectively keyed into competent low permeability bedrock. Additional 
geophysical and/or boring investigations would be required to establish the depths required to 
key the system into competent low permeability bedrock. Hydrogeological investigations 
upgradient and downgradient of the system would be required to construct and calibrate a ground 
water flow model. This model would need to be developed to demonstrate that the system 
would be an effective solution for the site. It is estimated that the detailed design for the OU4 
SEP closure IM/IRA would be delayed for one year while these studies were planned, 
implemented, and analyzed. A buried utility identification field program would be required prior 
to excavation. 

Two methods of constructing the upgradient vertical ground water control system were 
considered. The fust method is opening a trench excavation to the required depth with the 
appropriate cut back slope (ratio of 2 horizontal feet to 1 vertical foot of excavation). The 
second method is to utilize slurry trenching techniques.. 

A cut back distance of 90 feet would be required for a trench excavation of 45 feet. Figure 4.4 
provides a plot plan which identifies the southern edge of the ground water collection trench and 
shows the location of the edge of the required cut back. It is obvious that the trench excavation 
construction method is not practical due to interferences with the utilities and operating facilities. 
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Based on a 45 foot deep excavation with a 2:l slope, the impacted areas would extend 
approximately 125 feet from the toe of the cover (includes the 90 foot required cutback, the 
three feet thick drainage layer, 15 feet of soil, two feet thick slurry wall, and 15 feet of soil as 
shown on Figure 4.2) assuming the slurry wall will be constructed immediately outside the 
berms of the SEPs. For this scenario, numerous buildings and utilities would be impacted as 
shown on Figure 4.4. The buildings, tanks, and utilities that would be impacted but would not 
be affected by the construction of the lateral drainage system include the following: 

anks 

Building 782 
Building 727 
Building 964 
Building 910 
Building 783 
Storage tank 215-C 
Storage tank 215-D 
Cooling towers 

Utilities 

(identified as items on Drawing 51045-440 in Appendix IV.B of the IM/IRA-EA 
Decision Document) 

Item No. 11 - Overhead power south of C Ponds and west of SEP 207-A. 
Item No. 13 - 10" domestic cold water west of SEP 207-A. 
Item No. 24 - Underground power line west of SEP 207-A. 
Item No. 30 - Reverse osmosis product water south of B-Series SEPS. 
Item No. 40 - Reverse osmosis lines south of B-Series SWs. 
Item No. 41 - Reverse osmosis feed south of B-Series SEPs. 

Based on the construction impact analysis it was determined that the open trench construction 
method was not implementable at the OU4 site. This method is therefore not carried forward 
with respect to preparing a cost analysis. 

The second method for constructing a vertical ground water control system would be the 
construction of a collection trench followed by the construction of a downgradient slurry wall 
utilizing straight-wall trenching techniques. The collection trench would be constructed prior 
to the slurry wall in order to avoid the ponding of ground water, which can adversely affect 
future construction efforts. Construction equipment would consist of excavators, mixing trucks, 
pumping units, and general small support equipment. The required overhead operating space 
during construction operation would be 90 feet. 
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The slurry wall would be constructed utilizing general slurry trenching techniques. The 
construction sequence of the slurry wall would include the excavation of the trench while 
maintaining a bentonite-water slurry at the top of the excavation. The bentonite-water slurry 
generally allows for the excavation to continue without the use of other lateral support within, 
or surrounding, the trench. As trenching operations progress, the area that was previously keyed 
into competent low-permeability bedrock would be backfilled with a soil-bentonite mixture, 
which would act as the final low permeability barrier material. Excavation and backfilling 
operations would be conducted concurrently so that displaced excess slurry or the need for new 
slurry would be minimized. The soil-bentonite mixture is usually blended adjacent to the 
backfilling operations. As the backfill mixture is placed within the trench, any displaced 
bentonite-water slurry would be pumped from the trench into a holding area. The suitability of 
the onsite soil (from the trenching) for use in the soil-bentonite bacMill mixture is uncertain and 
would need to be tested. It should be noted that this construction method is very difficult to 
ensure that the QA/QC requirements are met during installation because it is an insitu type 
placement of materials. 

The ground water collection trench would be constructed utilizing the same construction methods 
as in the slurry wall. However, a bio-polymer slurry would be used instead of a bentonite-water 
slurry to sustain the integrity of the trench. The bio-polymer slurry would also be mixed 
adjacent to the trenching operations. The bio-polymer slurry would consist of a biodegradable 
carbohydrate in which any remaining slurry would naturally degrade to allow for a permeable 
collection trench. Any displaced bio-polymer slurry would also be pumped from the trench into 
a controlled holding area as the drainage media (gravel) is backfilled into the trench. 

Difficulties that can be experienced while using straight-wall trenching techniques include 
excessive sloughing, or fall-in, of soils into the excavation, or the existence of significant 
obstructions (e.g., underground utilities or boulders). The possibility of excessive sloughing in 
the upper 10 feet of alluvium material may require the use of a trench box, geofabric, or tremie 
system during the construction of the collection trench and slurry wall. Finally, quality 
control/quality assurance methods and procedures would be critical in the construction of the 
vertical ground water control system as no visual inspection of system placement would be 
possible. 

Based on a trenching scenario the impacted area would extend approximately 45 feet from the 
toe of the cover (includes the 10 feet constructability area, three feet drainage layer, 15 feet of 
soil, two feet slurry wall, and 15 feet of soil as shown on Figure 4.2) assuming the slurry wall 
would be constructed immediately outside the berms of the SEPs. For this scenario, buildings 
and utilities would also be impacted as shown on Figure 4.5. The buildings and utilities that 
would be impacted by the upgradient vertical ground .water control system installed by this 
second construction technique include the following: 

BuildindTanks 

None 
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utilities 

(identified as items on Drawing 51045-440 in Appendix IV.B of the IM/IRA-EA 
Decision Document) 

Item No. 11 - Overhead power south of SEP 207-C and west of SEP 207-A. 
Item No. 13 - 10" domestic cold water west of SEP 207-A. 
Item No. 24 - Underground power line west of SEP 207-A. 
Item No. 30 - Reverse osmosis product water south of B-Series SEPs. 
Item No. 40 - Reverse Osmosis Lines South of B-Series Ponds. 
Item No. 41 - Reverse Osmosis Feed South of B-Series Ponds. 

It should be noted that these utilities would not be impacted by the construction of the lateral 
subsurface drainage system. The installation of the upgradient vertical ground water control 
system is a permanent system that could be modified without impacting the final engineered 
cover. The system could interfere with future upgradient or downgradient ground water 
corrective action programs. 

The estimated cost to construct a vertical ground water control system along with the engineered 
cover over the existing contaminated materials would be $31,000,000 based on the slurry 
trenching excavation method. The direct cost associated with installing the upgradient vertical 
ground water control system is approximately $1,116,000. The cost of installing the upgradient 
vertical ground water control system is approximately 36 percent higher than the cost of 
installing the lateral subsurface drainage system (based on the direct cost for the installation of 
the two systems). The excavation of soils beneath the engineered cover is not required under 
this alternative. This estimated cost, however, can not be directly compared with the cost of the 
lateral subsurface drainage system. No additional costs were added for supplementary geologic 
investigations, ground water modeling activities, or for the demolition costs of additional 
facilities or utility obstructions that may require removal prior to the installation of the 
upgradient vertical ground water control system. These additional costs are likely to be 
significant because many of the utilities that would be.impacted may currently be active and 
require relocation. The magnitude of cost estimate details are enclosed as Attachment 2. 

5.0 CONCLUSIONS REACHED FROM THE EVALUATION OF SPECIFIC METHODS 
TO PREVENT GROUND WATER CONTAMINATION 

Based on the analysis of these methods to prevent ground water from contacting the 
contaminated materials consolidated beneath the engineered cover, it is recommended that the 
lateral subsurface drainage layer be installed. The lateral subsurface drainage layer is considered 
to be a more reliable system that can be engineered with a higher level of confidence so that it 
will remain effective for the loOeyear period of performance. The rationale for this decision 
are as follows: 

1. The lateral subsurface drainage system will function only during periods when the 
ground water elevation is higher than the mean elevation, and is therefore predicted to 
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be reliable for the 1OOO-year period of performance. The upgradient vertical ground 
water control system will be required to function continuously for the 1 ,OOO year period 
of performance. The potential for either system to fail increases with the amount of 
time that the system must function. 

2. The lateral subsurface drain can be constructed with fdter layers to prevent clogging 
over time. The upgradient vertical drain system cannot be constructed with filter 
layers. Therefore, the vertically installed system has a higher potential for clogging due 
to the lack of filters and the fact that it must operate continuously. 

3. The depth to competent bedrock and the uncertainties associated with keying the entire 
slurry wall into competent low-permeable bedrock make the effectiveness of the 
upgradient ground water control system difficult to verify and demonstrate. 

4. The project schedule would be impacted to engineer the upgradient vertical ground 
water control system due to the need to perform geologic/hydrogeologic investigations 
and develop a ground water flow model to demonstrate that the system would be 
effective. 

5. Suitable soil materials may need to be imported so that the soil-bentonite mixture meets 
design specifications, and so that contaminated soils are not incorporated into the slurry 
wall. A method of disposing displaced (potentially contaminated) bentonite-water slurry 
or bio-polymer slurry would need to be determined. 

6. The cost of the lateral subsurface drainage system is expected to be less than the cost 
of the upgradient vertical ground water control system. 

7. The lateral subsurface drainage system will not interfere with any future upgradient or 
downgradient corrective actions that may be taken for the remediation of ground water. 
The installation of localized upgradient ground water control for the OU4 site may 
interfere with future sitewide ground water corrective action alternatives. 
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